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INTRODUCTION 


The chief contributors to the subject of the physiology of milk forma- 
tion in the mammary gland have chosen as the foundation for their 
theories the grounds of analogy with the mode of formation of the secre- 
tion in the two types of glands, sebaceous and salivary, and as positive 
evidence have cited histological studies of the mammary tissue. On such 
grounds the conclusions are likely to be weak. As yet there has been 
little attempt to use the store of accurate mathematical data on the 
composition and variation of the milk constituents for the analysis of 
this problem. 

The investigation reported in this paper is an attempt to analyze the 
variations and associations of the constituents of Holstein-Friesian milk 
to furnish definite mathematical evidence bearing on the problem of the 
kind of mechanism liberating these constituents to form the fluid known 
as milk. The specific problems and the viewpoints taken in this paper 
may be best understood by considering the natural divisions into which 
milk secretion falls. The mammary functions may be divided into two 
main divisions. The first of these has to do with the formation of the 
materials of milk before the constituents are finally brought together as 
milk. The second has to do with the release of the complete product, 
milk. ‘The first of these needs only concern us. This problem may be 
again narrowed to exclude the genetic differences which most certainly 
exist between individual cows. Given the constituents of cow’s milk, 
our problem is thus limited to the manner in which these constituents are 
released into the milk ducts. Is it through the secretory action of the 
gland cells or is it through the destruction of the whole or a part of these 
cells? Toward the analysis of this problem and related problems the 
data on the variations and associations of the constituents of cow’s milk 
have been collected. The special problems bearing on the question will 
be discussed in connection with the data of the later sections of the paper. 





1 Papers from the Biological Laboratory of the Maine Agricultural Station No. 121. This paper is the 
fourth of a series of studies on milk now being conducted in the Biological Laboratory of the Maine Station. 
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MATERIAL AND METHODS 


The Holstein-Friesian Association (15)' has, as part of its semiofficial 
advanced registry work, collected a considerable amount of data on the 
yearly production of Holstein-Friesian cows. The majority of these 
records contain the following data: The name, advanced registry num- 
ber, and herd-book number are given, together with the volume where 
the last entry record was made, as the requirements of the semiofficial 
test include the making of the 7-day official test. The rest of the ani- 
mal’s record includes age at calving, length of record, weight of milk, 
percentage of butter fat and total weight of butter. Some of these 
records, fewer than we could desire but still far more ample than those 
of any other known breed, give the total solids for the milk produced. 
These records will furnish the material for the analyses of the problems 
previously indicated. 

The objection may be raised that these data are not accurate, since 
they are taken from this type of record. It is realized that there may 
be some justice in the criticism; yet the inaccuracy should not be magni- 
fied. Any advanced registry system must be subject to all the criticism 
that may be brought against these particular records. Criticism can not 
be made on the ground of conscious inaccuracy due to poor management 
on the part of the association officials, as every record is carefully checked 
for inaccuracies. Each record is under oath as to its accuracy by both 
parties, the tester, and the owner. The only justifiable criticisms which 
can be brought are those of the personal equation type, errors from the 
variation in the values as read by two different men. These errors can 
not at any time be very great. They constitute that group of errors 
which are as likely to go one way as another—that is, they should counter- 
balance. 

The methods used are, in general, those of any adequate statistical 
treatment of a quantitative subject. The constants for the distribu- 
tions, means, standard deviations, and coefficients of variations are cal- 
culated by the usual formula for grouped distributions and without the 
use of Sheppard (27) correction. The correlations are calculated from 
the correlation surfaces by the usual Bravais formula. The necessity of 
correcting for the effect of age and quantity of milk in the comparison 
with the amount of butter fat and solids-not-fat have made necessary 
the use of partial correlation coefficient to measure such association for a 
constant value of the disturbing variables. These constants have been 
calculated from the ordinary correlations by the method devised by 
Pearson (22). 

VARIATION OF MILK, BUTTER FAT, AND SOLIDS-NOT-FAT 


Some study of the variation of the milk and butter fat have been 
made, notably those by Gavin (rr), Vigor (34), and Pearl (20), where 
definite variation constants have been determined. These studies in- 





1 Reference is made by number (italic) to “ Literature cited”’, p. 99-102. 
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clude chiefly the determination of the relation of this milk and butter fat 
as it varies within itself and as it varies with age. They do not con- 
sider the relation of the variation of the other solids; in fact, the avail- 
able material has been wanting. Such variation constants are highly 
desirable; in reality, indispensable for the succeeding studies that are to 
follow. 

These Holstein-Friesian data are exceptional in that they are accurate 
data taken from one breed under the best of conditions. The material 
as tabled is taken from volumes 18 to 28 of the Advanced Registry of the 
Holstein-Friesian Association (15) for their semiofficial year records. All 
of the records for milk, total solids, butter fat, and solids-not-fat are for 
365 days. The constants are calculated from the grouped frequencies of 
the formed correlation tables (IV to IX). It is evident from the correla- 
tion table for age and percentage of solids-not-fat that one error probably 
exists in the records either from a typographical cause or from an error 
in the determination. I shall therefore give the constants both for this 
animal included and for the distribution where it is omitted. Table I 
shows the means, standard deviations, and coefficients of variation of the 
variates. The two values of some of the constants in this table are, first, 
those for the whole population of the Holstein-Friesian milch cows, and 
second, those for the population which also records the values for the 
total solids. 


TABLE I.—Fundamental constants for Holstein-Friesian mean production of milk 

















Num- 
ber of soos Coefficient of 
Character.  bedivia Mean. Standard deviation. | ~\ viation. 
| 

Amount of milk......... pounds..| 1,387 | 15,417.44 + 67.7667 3)741-59 £47-9111 | 24. 268-0. 3285 
Mentncusadnsubasewceee do.... 334 | 15,149.70 4111. 3272 3,016.18 +78. 7223 | 19.909+ «5398 
BADocs ve vcccccevececccceces years..| 1,387 405 + 0369 2.04 + -.0261 | 50.371+ . 7919 
Diss senpaacanecuceeds do.... 334 4:49 + -0838 2.27 + -os92| s50.556+1.6218 
Butter fat........seeeees pounds. . 335 $15.37 + 3-9956 108. 43 + 2.8256 | 21.0394 .5720 
DO..cercscecsceesceseess do....} 1,387 528.01 + 2.4334 134-36 + 1.7204 | 25.4464 .3334 
Solids-not-fat............... do.... 335 1,302.86 + 9.5828 260.05 + 6.7769 | 19.959+ - 5404 
Bases escpnceneccescoes do.... 334 1,301.20 + 9.5489 258.71 + 6.7523 | 19.8824 .5390 
Total solids. ..............55 Mase 335 1,814.78 + 12.9929 352-59 + 9-1884]| 19.4294 .5250 
Abaee cee cesebonceccced do.... 334 1,812.92 + 12.9723 351-46 + 9-1731 | 19.3864 . 5246 
ar per cent..| 1,387 3-441 0058 +3184 .0o40 9- 228+ . 1191 
Solids-not-fat............... do.... 335 8.612+ .0134 +3644 0094 4-221+ «1101 
Dect ecdonnceseucents . 334 8.604%  .0124 +3384 .0o88 3-923 «1025 
Total solids................. OP... 335 12.02 + 0206 -s60+ .0146 4657+ «tars 
| NN Ceres do.... 334 | 12.014 .0202 +$47% +0143 4-549 «1188 








The following facts are easily deducted from Table I: The Holstein- 
Friesian cows making the semiofficial record have a mean milk production 
of slightly over 15,000 pounds of milk, containing about 520 pounds of 
butter fat and 1,300 pounds of solids-not-fat. The ratio of the solids- 
not-fat to the butter fat is approximately 2.5 to1. Taken in the form of 
percentages, the Holstein-Friesian milk contains slightly over 12 per cent 
of total solids, composed of 3.43 per cent of fat and 8.60 per cent of solids- 
not-fat. The mean age of the group is slightly more than 4 years. The 
animals who have total-solids records are, on the average, about % year 
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older than those without such records. This is no doubt due to the 
progressive tendency to test young animals and to select animals for high 
production. The animals whose total-solid records were determined are 
found in the earlier herd books. 

It is interesting to compare these values with the milk of other breeds. 
To facilitate this, Table II has been drawn up. The data for this table 
have been gathered from many sources, chief among which are the papers 
of the Agricultural Experiment Stations and the analyses of public 
chemists. Each tabulated value is, in general, the mean of a considerable 
number of observations and may be considered close to the true value. 
Unfortunately it is not possible to obtain the original data so that the 
other variation constants could be obtained. 


TABLE II.—Mean milk constituents of the different breeds 4 














Total Solid: es 

Breed. solids. Fat. fat. | fatto 

butter fat. 

Per cent. Per cent. Per cent. 

DN iif sg oly a nieeuias oaremen cae 13. 22 3 9. 39 2.4331 
NN aes s cesisbg soicse Qn aeen gta 12. 75 3. 67 g. Cg 2.48 :1 
MNUEE Nicer a Pubs Cheeni cc abeaniite de 12. 51 3. 51 g. 00 2.56:1 
ee Cee See ee rere ere 11. 86 3. 09 8.77 2.83 :1 
BC ko sinis ess sans cnsens Seas ens II. 54 3. OF 8. 04 2.63 :1 
oot SE TTL Te 11. 80 3. 09 8.71 2.81 :1 
Ee eee re 12. 12 3.3 8. 81 2.66:1 
PENNE For ir diahoe ic dot deers hte kuahies 12. 34 3. 36 8. 98 2.67 :1 
NO 65. :5,0:0288:8 9:4 610 vente Ncw 12. 07 3.27 8. 80 2.69:1 
ME ae avn vnies aawkwuulenian 11. 85 3. 24 8. 61 2.65 :1 
SER er er or 12. 76 3. 60 9. 16 2.52:1 
REAR Seer eda nee rer 13. 27 4. 05 Q. 22 2.28: 1 
SS sisi Sia ad on nddoeiana wee 12. 99 3. 79 9. 20 2.42 :1 
_ SE eee ee ete ee a ee 13.57 4. 16 9. 41 2.26:1 
SN  .:ssce gare ain sig aiaje' ane Sis eae cateolgie 13. 60 3. 81 9. 79 2.§7:2 
OTe Te eee ye 14. 39 5. 12 Q. 27 1.81 :1 
ee ee eee eee 13. 61 4. 53 g. 08 2.00:1 
POUR PTICMOR... ... 6 oss cc cvessccases 11. 78 3. 32 8. 46 2.55 :2 
DEE is Katokur ene ko-s MeREbeniem 12. 46 3. 62 8. 84 2.44:1 
SNES 5555 O55 5 ls. crd als oonxcnatelenee Pony 12. 61 3. 70 8. 91 2.4131 
UNIS oly, 55.9 6 5076 s's:v's, 0d g's,sieae 13. 93 4. 67 g. 26 1.98 :1 
ee rer 13. 32 4. 00 9. 32 2.33 :1 
eS oe erry eee 12. 31 3. 40 8. or 2.62 :1 
IN oa 5 gis 3 ohn simle ban tS ae 12. 61 3. 62 8. 99 2.48:1 
a Ones cere 12. 66 3. 67 8. 99 2.45:1 
PEN EONONIN 5 8S dhs 9G 5 cccrs4.s om Vlas we Re 12. 93 3.72 g. 21 2.47 :1 
a Se One er rer 13. 10 4. 02 9. 08 2.26:1 
i, OES EOE Ch EEE EO cet 12. 58 3. 46 Q. II 2.63 :1 
Holstein-Friesian...................... | 12. 02 3: 44 8.60] 2.50:1 











@ The references to the data combined in this table will be found in the following numbered papers of the 
“Literature Cited”: 1, 7, 10, 12, 14, 19, 24, 30, 35, 36, 39, 40. 


These data are not entirely satisfactory, representing, as they do, data 
collected under a great variety of conditions. This heterogeneity is un- 
fortunate. Two errors are easily discernible: The fat percentage of the 
Holstein-Friesian is about 0.1 per cent too low, and the fat percentage of 
the Guernsey from unpublished data on 4,900 animals for a year’s test 
is 4.9 instead of the 4.53 of the above list. However, this is the only 
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material available where any number of animals are tested for their total 
solids and percentage of fat. The belief is held that even with these 
discrepancies the table will give a fair comparative view of the average 
composition of the milk of the various breeds included. Taken at their 
face value, the data show that the butter fat percentage in the different 
breeds varies between 3.05 and 5.12 percent. Similarly, the total solids 
are shown to vary between 11.54 and 14.39 and the solids-not-fat between 
8.04 and 9.79. This would make the average composition of the Hol- 
stein-Friesian breed rather lower than most of the other breeds, both in 
the percentage of butter fat and in the total solids. If we consider now 
the ratio of the solids-not-fat to the butter fat when the milk is constant, 
the values of the ratios run between 1.8 and 2.81. This means that the 
breed considered in the data has a high proportion of solids-not-fat. 
There appears to be an association between the percentage of fat charac- 
teristic of the breed and the content of the solids-not-fat carried in the 
milk—that is, the Jerseys, with their high fat percentage, also have an 
increased amount of the solids-not-fat over the other breeds, and the 
Holland, one of the lowest breeds, also has the lowest amount of solids- 
not-fat. This increase does not go up in direct proportion to the amount 
of fat present in the milk, as a glance at the proportion of the two will 
show. It will remain for a later section to show how these constituents 
vary within the Holstein-Friesian race. 

Data have been tabulated to show the differences in the milk of different 
species of animals (Table III). 


TABLE III.—Mean milk constituents of different species of animals 4 

















! 
| Total Solid oe ote 
: ota | s-not- - 
Species. solids. Fat. = Oy 
butter fat. 
| 
Per cent. Per cent. Per cent. 
as a0 et Sev ckvians wu hee eaten 18. 51 6. 60 II. oI 18:1 
WHINE v3 ccigc's ce ue xs caulgd oeays Venmnes ee 11. 80 3- 54 8. 26 R433 
MP dk ee ed igedd cheoes ceeeneesen _ 18. 52 9.19 II. 35 16:1 
ON RIMINI sou 0 viel ard ckcverel tater ab tases 16. 24 6.77 9. 47 2632 
Bitch. Pees ciesmedw ase Ra aneeas 15. 89 5. 65 10. 24 x te 
MOM Seis o ve heck chu deel ely vow elaaias oes 9. 72 +90 8. 82 g.8:1 
I £4 ACY R do C Ugh dowel ahha we auue ae sae 10. 92 - 99 8. 93 g-O:1 
| ERR OEEE RSS ara a 9 ae Barat Rien eRe 11. 78 3. 28 8. 50 2.62% 
PIS sda vendices ves tie odes che ds HN elt | 12. OI 3-44 8. 61 2.932 
COTTE OF COW 6... oo 0: ecninsinnnecice ces 22. 88 2. 30 20. 58 8.9:1 
Colostrumt Gf Mam... 2.2... cee ee cee | 12. gI 2. 60 TO. 31 4.0:1 
| 








«@ The references to the data named in this table will be found i in the ietloning numbers of the “‘Litera- 
ture cited:’’ 5, 6, 8, 9, 18, 22, 25, 26, 29, 32, 33, 38. 


The data given above are open to the same criticism as that in Table II, 
and are to be taken with the same limitations. 

The milk of the different species varies considerably both in its butter- 
fat content and in its solids-not-fat. The lowest percentage of fat pro- 
duced is 0.90 per cent, found in the milk of the ass. The milk of the mare 
corresponds closely to this, 0.99 per cent. The highest percentage of 
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butter fat is 7.17 per cent, contained in the milk of the ewe, closely followed 
by that of the Indian buffalo and the sow. The milk of the dairy cow 
is about intermediate between these two extremes. The colostrum is 
lower in its fat content than is either of the normal milks of the same 
species. The solids-not-fat content varies from 8.61 per cent for the cow 
to 11.91 per cent for the normal milk of the species included in the table. 
It reaches its highest value in the colostrum, where the cow’s milk in- 
cludes as much as 20.58 per cent. The same general association is also 
seen in the milk of the different species that are present in the milk of 
the different breeds—that is, the milk of species containing a low per- 
centage of fat contains proportionately more solids-not-fat than does the 
species which contains the higher percentage of fat. The species con- 
taining a low percentage of fat contains less actual solids-not-fat per 
hundred pounds of milk than does the species containing a higher per- 
centage of fat. 

A survey of Table I shows that the most variable character in the 
Holstein-Friesians, is the age included in the tests. This has a very high 
coefficient of variation, the highest shown by any of the measured char- 
acters, emphasizing the need of a proper age correction when the amount 
of milk is to be studied for its hereditary behavior. 

The next highest variation coefficient is that for milk (24.3). This is 
closely followed by the variation coefficients for butter fat, 21.0; solids- 
not-fat, 19.9; and total solids, 19.4 These last four coefficients may be 
considered as dependent variables and owe part of their variation to 
variations in other characters. Thus, the large constant of variation 
for the amount of milk is due in some part to the age differences in the 
animals included, for, as has already been shown, milk production rises 
in a logarithmic curve with increasing age. Again, as will be shown 
later, the relation of the miik constituents to the amount of milk is so 
close that a large part of their variation may be explained by variations 
in the amount of milk. As a matter of fact, these data are not needed 
here, for when the coefficients of variation for the percentages of butter 
fat, solids-not-fat, and total solids are considered, it is seen that the 
coefficients are reduced to 9.2, 3.9, and 4.5, respectively, or coefficients 
which compare rather favorably with physical variables. The high 
coefficients of the milk solids are thus shown to be due to the variations 
in amount of milk and not to variations in percentage contents of these 
constituents. 


FACTORS AFFECTING THE COMPOSITION OF MILK 


Already some work has been done on factors affecting the composition 
of milk by Wilson (37) and by Pearson (21-23). In his studies Wilson 
attempts to show that the percentage of butter fat is not dependent on 
the amount of milk. The methods used to draw this conclusion are, 
according to Pearson, open to criticism on the following grounds: The tail 
frequencies are clubbed together so that the real correlation can not be 
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determined, and the means of the separate distributions lead us to a 
correlation ratio, which, while small, is highly significant in showing the 
dependence of butter-fat concentration on amount of milk. 

These studies limit themselves to the relation of butter fat to the milk. 
In dealing with this question the association of the percentage solids- 
not-fat with the quantity of milk produced will also be studied. Tables 
IV and V show the correlation surfaces for weight of milk and percentage 
of butter fat and the age of the cow and the percentage of butter fat. 


TABLE IV.—Correlation surface for amount of milk and percentage of butter fat as 
deduced — individual year records of Holstein-Friesian cows 






































| Percentage of butter fat. 
eight of milk | ; 

(pounds). s1 a] 818) tte] sl sl el sy st3l a 

|S] | G; &] $s) Spa] eb} &] sts 2) 

a a e ” ” ” ” ” + + + + e 

| 

7, C50 G, GB6. .. .. 0. sescleseefeeee] 31 5] 6] 5] 3] Z]---4 2 24 
, COOPTE, O00: 06006. fafecdcf SP SP Se POS OST Bet Asst... 119 
Bf, 600-13; 000.5...5..):.06) #) 27 42 | 66 90} 58/17/11] 3] 1 307 
13, O0O-15, 000........ -s+-| 4] 12 | 59 | 96 |t17 | 67 | 30] 9] 5] 2 400 
15, 000-17, 000........ I} 3] 9 | 66 j107 | 92 | 49 | 31 | 8] 5|.... 371 
17, OOO-IQ, 000........ 2| 4] 20] 55 | 79| 66} 48) 14] 4] r| x] 295 
40, G6O-21, O60......+.[-0.-4 BE 71.10] 40) Sei 1g] Si Zi 21 3 154 
21, 000-23, 000........ veo SE Ph 1 SE Leet Sl 21 Sb ot a 96 
93, 000-45; C00. c0icsb cash # EO CO tb ae Oboe Fd stig 32 
GE, GOGO 7, 000s 5.05.0 cicheos Suk (Abn Sh ioe Sisk. Se ce ins 25 
27, 000-29, 000........]..-.]-..-1 2] 5] Fr] 2] 2] 2 I 15 
SG, ODOHBI COG. 0 cecal oslncndisscsh Bilevcabeeg Ae! ee 5 
WOU. fh. nvncwehid | 22 | 82 295 1472 1479 ; 84 |130 | 45 | 19 | 11 r | 1,843 


























TABLE V.—Correlation surface for age at the beginning of t test and percentage of butter 
fat contained in the milk for the individual records of Holstein-Friesian cows 
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2 @a 6.. 2] 4| 11 | 66} 84| ot | 66] 2r| 6] rr] 2 354 
S$ GZ ©: time Re) Os : | 2 g8iazi $) 4}. 200 
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A glance at these tables shows that there is little correlation between 
butter fat percentage and the weight of milk or age at test for the Hol- 
stein-Friesian cows. It seems well before tabulating these coefficients 
that we consider the effect of increased production in Holstein-Friesian 
cattle on the percentage of solids-not-fat contained in the milk. Two 
tables similar to those above are necessary for this comparison. These 
data are given in Tables VI and VII. 


TasLe VI.—Correlation surface for the amount of milk produced in one year and the per- 
centage of solids not fat contained in the milk of Holstein-Friesian cows 
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TABLE VII.—Correlation surface for the variables age at test and percentage of solids not 
fat for the semiofficial year records of Holstein-Freisian cows 





Percentage of solids-not-fat. 
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It will be noticed that in both Tables VI and VII there is one value 
(in parentheses) far removed from the distribution of the other entries. 
It seems desirable to determine the correlations with this value included 
and excluded. Consequently, the correlations will be given both with 
and without it, since it is highly probable that some error has crept 
into the determination of the solids for this test. 
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Table VIII gives the values of the correlation coefficients and the 
correlation ratios, together with the constants to show the approach to 
linearity of the regression lines. 


TaBLE VIII.—Analytical constants for inter-individual variation of the constituents of 
cow’s milk 





Character correlated. r n , a n—12 





Satandiekaces Gnd tavedatemasetevaacaes —0. 097740. 0156 ©. 1251+0. 0155 ©. 1213 0. 0061 +0. 0024 


Age and percentage of butter fat......... — .0546+ .or81 +1325 .0178 +1917 +O146+ .0044 
Weight of milk and percentage of solids- 

| |. RRRER RE ae ie pray — .05s3+ -0367 +116t+ .0364 +1857 +OTo4+ .0075 
Age and percentage of solids not fat with- 

out doubtful observation............... — .1612+ .0359 +234t% .0348 +3084 +0288+ .o124 
Weight of milk and percentage of solids- 

MOC-fat.. 0... ceeecaeerceseecsesereseees — .0c6s9+ .0367 +1373 .0362 +2032 +OT45+ 0089 
Age and percentage of solids-not-fat...... — .2tgtt .0351 +2459: +0347 + 1883 +oI2s+ .0o82 

















This table shows that the weight of milk produced in a year is nega- 
tively correlated with the percentage of butter fat and of solids not fat 
contained in this milk. In each case the correlation is low, in neither 
case being as great as —o.1. For the butter fat percentage the corre- 
lation— 0.0977 +0.0156, although low, is highly significant, since the 
correlation value is 6.2 times its probable error; or, in ciher words, 
could be expected from random sampling only once in slightly more 
than 100,000 times. The correlation for percentage of solids not fat 
and milk, —0.0553+0.0367, is only about half that for the percentage 
of butter fat and milk. Further, this correlation can not be considered 
significant, as it is only 1.5 times its probable error, or about once out 
of three trials a correlation as great or greater than this due to random 
sampling would be expected. It will be noted that even where the 
abnormal observation is eliminated the correlation does not increase to 
a value where it becomes significant. 

The correlation between the percentage of butter fat and age is slight 
(—0.0546+0.0181) and in the same direction as that of butter fat and 
milk production—that is, minus. It may possibly be significant, since 
it is about 3.1 times its probable error. Even if it were significant, 
howe ver, it would be scarcely detectable except in a large mass of data 
where statistical methods were applied. 

On the other hand, the correlation between age at test and percentage 
of solids-not-fat is significant, for, with the doubtful observation, the 
correlation is 4.4 times its probable error, and without this doubtful ob- 
servation the correlation is 6.2 times the probable error. Furthermore, 
the difference between the correlation of percentage of butter fat and 
percentage of solids-not-fat in cow’s milk and the age at which the test is 
made ' is probably a significant difference. The difference of the corre- 
lation of the percentage solids-not-fat and age and the correlation be- 





1 The probable error of the difference is calculated by the usual formula +0.67449-Voi2-+e3". 
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tween the percentage of butter fat and age is slightly over 2.7 times its 
probable error when the doubtful observation is included in the data. 
The difference and its probable error for this is 0.1066 +0.0400, or 2.7 
times its probable error when the doubtful observation is included in the 
data. The difference and its probable error for this is 0.1066 +0.400, 
or the difference is 2.7 times its probable error. When this doubtful value 
is not included in the calculations, the difference and its probable error 
becomes 0.1645 +0.0395, Or 4.2 times the probable error, a value which 
certainly represents a greater effect of age on the solids-not-fat content 
of cow’s milk than of age on the butter-fat content of the same milk. 
Much the same statement holds for the relation of the percentage of 
solids-not-fat and weight of milk produced and percentage of the solids- 
not-fat and age at test. The difference is of the same magnitude as is 
the difference between percentage of solids-not-fat and percentage of 
butter fat and age—that is, the difference is only slightly significant if 
we consider the correlation found in the presence of the doubtful value, 
and is markedly significant when this value is thrown out of the table. 


LINEARITY OF REGRESSION 


The analytical constants necessary to test the linearity of regression 
are givenin Table VIII. Inevery case the correlation ratio is a somewhat 
larger numerical quantity than the correlation coefficient for the same 
table. These differences are shown to be of little significance in view of 
the fact that 2,, and 7’?—? are substantially zero. The difference be- 
tween the correlation ratios and the correlation coefficients are probably 
not significant. In only one case is the difference 7?—r? greater than 
three times the probable error (3), and in this case the difference is only 
3.3 times the probable error. For this one case the difference is in all 
probability not significant. For the other correlations the difference is 
certainly not significant. It may be concluded, therefore, that the re- 
gressions are linear and that the correlation coefficient represents the true 
correlation. 

The following conclusion may be drawn from the above analysis con- 
cerning the relations between the constituents of cow’s milk and the varia- 
bles, age at beginning of the year test and amount of milk produced dur- 
ing this year test. 

1. As the amount of milk given by the cows in this test increases, the 
percentage composition of the butter fat in this milk decreases. The 
amount of this decrease is statistically significant. Considered practically, 
this fall in butter-fat content could not be easily detected in the small 
samples usually handled. 

2. There is a slightly significant fall of the percentage of butter fat con- 
tained in the milk as age advances. This slight fall may, however, be 
accounted for by the rise in milk production which occurs coincident with 
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this increase in age. For the partial correlation between percentage of 
butter fat and age, holding the milk production constant, is 0.o105+ 
0.0181, or there is no significant correlation. 

3. The quantity of milk produced for the year is entirely independent 
of the percentage content of the solids-not-fat, or put in another way, the 
factor or factors causing high or low milk production are separate and 
distinct from those causing a high percentage of these constituents in the 
milk. 

4. Age is a prominent factor in bringing about the reduction of the 
percentage of solids-not-fat. This reduction is not due to differences in 
the amount of milk, as the milk held constant by the partial-correlation 
method gives practically the same correlation as when the milk produc- 
tion is not considered. 

5. Decrease in the amount of milk raises the percentage of butter fat 
in a greater degree than it affects the percentage of the solids-not-fat. 

6. Increased age has a marked effect in reducing the percentage of 
solids-not-fat. It does not so reduce the percentage of butter fat. 


CORRELATION BETWEEN THE BUTTER FAT AND THE SOLIDS-NOT- 
FAT IN COW’S MILK 


This question of the correlation between the butter fat and the 
solids-not-fat has considerable importance for the problems of the mech- 
anism of milk secretion in the mammary gland. Does this gland secrete 
a high content of butter fat when it secretes a high content of the other 
solids—lactose, protein, and ash? Should such an association exist, it 
becomes evident that the factors leading to a high fat content also 
lead to a high solids-not-fat content. Taken in connection with either 
theory to account for the presence of the organic constituents of milk, 
such a correlation indicates a regulatory mechanism which balances these 
constituents together in similar proportions in any given individual cow. 

Apart from the bearing on the problems of the milk secretion, such a 
correlation has wider significance. It predicates that the factors in in- 
heritance for this high content of one constituent also transmits the pro- 
duction of high content of the other solids. The problem thus becomes 
important for the student of inheritance of quantity and quality in cow’s 
milk. 

To answer these questions for Holstein-Friesian cows, it is necessary 
to arrange the data for the yearly records of butter fat in a table of double 
entry or correlation table. In the arrangement of this table 100-pound 
intervals were chosen as the basis of division of both the solids-not-fat 
and butter-fat production of the year tests. In the first two observa- 
tions of the butter fat it is necessary to group these between 280 and 300 
pounds and calculate accordingly. The results are given in Table IX. 

Observation easily shows that these two variates, solids-not-fat and 
butter fat of cow’s milk, are highly correlated. The correlation coeffi- 
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cient in this case is r=o0.8991+0.0071 and the correlation ratio »= 
0.9023+0.0069. As in the previous tables, the cell which contained 
the doubtful observation is. indicated by parentheses. Where this 
doubtful observation is left out of consideration, the correlation rises 
slightly to r=0.9095+0.0063, and the correlation ratio is 7=0.9064 
+ 0.0066. 


TABLE IX.—Correlation surface for pounds of solids-not-fat and pounds of butter fat as 
deduced from individual year records 
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These constituents of cow’s milk are shown by these correlations to 
be highly correlated variates. This correlation can not be accounted 
for by the regression of solids-not-fat on butter fat, not being a linear 
regression, as even a glance at the values of the correlation coefficient 
and the correlation ratio will convince anyone that they are so nearly 
the same in value as to make it certain that the regressions are linear. 
Consequently it does not seem necessary to calculate the customary 
constants for this linearity, as both 2, and 7’?—r? would be negligible 
quantities. This establishes the conclusion finally that butter fat and 
solids-not-fat contained in cow’s milk are correlated variates. This 
correlation being positive, a rise in the amount of either constituent 
also means a rise in the other. 

Part of the correlation between the butter fat and solids-not-fat may 
be due to the rise in the amount of milk of the different individual cows. 
For the problem of the mechanism of the secretion of these constituents 
this is of especial importance. Tables X and XI give the correlation 
surfaces for the variables. 
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TABLE X.—Correlation surface for amount of milk and amount of butter fat as deduced 
rom individual year records of Holstein-Friesian cows 
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TABLE XI.—Correlation surface for amount of milk and solids-not-fat as deduced from 
individual year records of Holstein-Friesian cows 



























































‘ Weight of milk (pounds). 
Weight of solids-not-fat (pounds). g g g g g 8 8 g 8 g 

Pe eral aya] a] a] ey ela 

i a io} Ne hy Py g a S s | & 

| Re eee a} 2}. 4 
ACC 5 os Ko cae ences nee es aveh Dibvessliccvisyscbresalt caskeseaieeeeleesar Ta 
ip tilts ono KEE ALLE REEL Soe beg al ee eb 25 
RP Pee err ee vee eee (RSE RR ee Fee eee See ae 
SUPE, 8s eve ens cocwesues ares) re kk heey Reel byte Se Sota fe 
CP fo Shed Gaerne rae e 37 | 10 men ee 47 
DREN 66.5055 00 cncdica duane oer) eee hee et Cee eee re er ae. 
DORM. <b echegeensaccens Spare (ere! Srenr| tet yd gy) ol Saeed eee Sue dleveel 
TEs ose ke Rencccakcepebus cS aaecctekvedcfasa ch  MURMNIR 2M lacacleaedieeel) ae 
Rie 6 5% st wivecenescaues evs sie onclagn sits wakiu'a yee ol aoe) BRA Re 20 
DiS 4.58% viedo cnnecas ieee SG Biivevddiced a 
Cg See ren a oe (1) yee. ae | 
TiO MIN 6.56 «:+10:44:04.0 tien te Mi lawiele sas 3 
PO Eis 5 ba Secs eee we ken I I 
GPS his hee cbs che ek ween 1 | I 
DS it i 9: 5:5.000:5 0.55 casivn « he Ree iatel 
a. ec SR 2|20| 63| 85 | 74| 59| 23| 6| 1| 2] 335 


























These tables show that the variables butter fat and solids-not-fat 
are highly correlated with the amount of milk produced. The cor- 
relation coefficient for butter fat and milk is r=0.8644+0.0093 and the 
correlation ratio »=0.8638+0.0093. The correlation coefficient for 
solids-not-fat and milk is r=0.9497+0.0036 and the correlation ratio 
is n=0.9484+0.0037. As in: the pretediiig: cate, these: variates are 
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highly correlated. The regressions are so obviously linear that it does 
not seem necessary to calculate any of the customary constants for 
determining this, other than the correlation ratio given above. 

In order to obtain the coefficients to measure the relation between the 
butter fat and solids-not-fat for a constant production of milk, it is 
necessary to resort to correlation of the first order given by the formula 
of Pearsons (21-23). 
ee. 


712.3= —— 
tT Vi-Ty 


When the correlation between the butter fat and solids-not-fat for 
a constant quantity of milk is thus measured, it is found that the partial 
correlation coefficient is 1 ,..,=0.4964+0.0278 for the case where the 
doubtful observation (shown in parenthesis) is included in the calcu- 
lations and is 7 ».,=0.5635+0.0252 where this doubtful observation is 
not included. These correlations show that the production by the . 
mammary gland of butter fat and of solids-not-fat are correlated 
functions. This correlation being plus it means that an increase in the 
liberation of either constituent of cow’s milk means a coincident increase 
in the other. 

This conclusion is important, as it shows that the factors responsible 
for the increase in the content of butter fat for a given volume of milk 
are in a high degree responsible for the increase in the solids-not-fat 
content in this same milk. It means that the physiology of the mammary 
gland in elaborating the milk solids is such that the release of a certain 
amount of butter fat to the milk also releases a proportionate amount 
of solids-not-fat. In order to account for this correlation, it is neces- 
sary to explain how the mammary gland sorts out the different elements 
into the milk to give the proportion of the butter fat and solids-not-fat. 
This question refers itself back to the fundamental one of how milk is 
secreted. 


DIURNAL VARIATION OF THE CONSTITUENTS IN COW’S MILK 


Before discussing the direct bearing of these data on the problem 
of the milk secretion a few more important data must be presented. 
It is a well-known fact that the evening milk of a cow is, in general, 
higher in butter fat than the morning milk. The relation of the evening 
and morning milk for solids-not-fat is not so well known. Table XII 
gives this relation for two groups of cows: Those in the first half of their 
lactation period and those in the last half. 

This table shows the variation between morning and evening milk in 
the percentage composition of the same individual cow. The sample 
of two consecutive mornings’ milk were made, and aliquot parts of 
each composited for analysis. The same holds true for the evening 
milk. Each percentage may therefore be said to represent the mean 
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between two days of lactation for morning and for evening milk. The 
milkings begin in the morning at 4.45 and in the evening at 3.45. The 
interval therefore is shorter between the morning-to-evening milking. 


TABLE XII.—Daily variation of the constituents of cow’s milk 4 
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@ The author is indebted to the Chemistry Laboratory of thisStation for the careful analysis given in 
Table XII. 

The average composition of morning milk in the first half of the 
lactation is seen by Table XII to be 4.078 per cent butter fat and 8.646 
per cent solids-not-fat. The average composition of evening milk is 
4.756 per cent fat and 8.724 per cent solids-not-fat. Thus, the butter- 
fat constituent increases markedly in the evening milk over that of the 
morning. The increase of the solids-not-fat is not as marked, although a 
slight increase does occur. The significance of this increase is supported 
further by the same kind of relationship exhibited by the morning and 
evening milk of the cows in late lactation. The numbers are not large, 
but the consistency of the increase composition of butter fat of the 
evening milk over that of the morning leads to the conclusion that this 
relation is certainly significant. For the increase of solids-not-fat the 
case is not so clear. It is possible that this increase is slightly significant, 
but this seems doubtful. In no case is this rise of the solids-not-fat as 
great as that of the butter fat. This, taken in consideration with the 
fact that the solids-not-fat are more than twice as great in amount as 
the butter fat, establishes the conclusion that the butter-fat composition 
of milk is affected to a much greater extent by these different times of 
milking than are the other solids. 

This conclusion is further emphasized by the work of Ingle (16) on 
the same question. In the mixed milk of a herd of 23 animals milk 
for a period of 18 weeks the average composition of the morning milk 
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was 2.97 per cent butter fat and 8.87 per cent solids-not-fat, and the 
evening milk was 4.31 per cent butter fat and 8.86 per cent solids-not- 
fat. 

The significance of these facts as above established on the problem 
of the mode of liberation of the constituents into cow’s milk has been 
overlooked. Before 1850 the prevailing opinion held that the milk 
solids were filtered out by the mammary gland from the blood serum, 
This view was shown to be incorrect by the fact that lactose is not present 
in the blood and the fat percentage of the serum is not sufficient to 
account for the fat in a single milking. To replace this old theory, 
three major hypotheses have been put forth to account for the secretion 
of the mammary gland: 

(1) Cells of the gland break loose bodily and disintegrate in the alveoli 
to form the milk solids. 

(2) The portion of the cells toward the alveoli becomes loaded with 
solids, breaks loose from the basal portion, and disintegrates to form the 
milk solids. 

(3) The cells of the mammary gland secrete the materials of the milk 
solids without themselves breaking down. 

In opposition to the first theory, it may be said that no such extensive 
cell multiplication is witnessed in the mammary gland as would be 
necessary to replace the cell destruction called for on the theory. This 
disintegration, as pointed out by Heidenhain (13) for the milk produced 
by some cows in one day would require the replacing of all cells in the 
udder at least five times a day, a replacement of cells unprecedented in 
our knowledge of cell division. 

The second theory, suggested by Langer and ably supported by 
Heidenhain (13), Steinhaus (28), and Brouha (4), lays its foundation on 
histological evidence. According to this evidence, the gland cells lengthen 
out into the lumen of the alveoli. The projecting ends of these cells 
become loaded with nutrients similar to milk solids. These projecting 
ends disintegrate to allow the escape of these solids. The basal portions, 
including a nucleus, are left to rebuild the cell and to enable it to repeat 
the process. Steinhaus says that, in order to support this rebuilding, 
mitotic divisions are frequent, and that the daughter nuclei which lie 
on the outer portion of the cell often degenerate. 

The third theory lays its stress on analogy with the other secretory 
glands without other supporting evidence than the negative evidence 
of Bertkau (2), who says the disintegration appearing in the secretory 
cells is due to imperfect fixation and that no necrobiosis of any kind 
appeared. 

The above summary of the evidence for the three theories to account 
for the introduction of the solids into the milk shows how contradictory 
is the evidence so far presented. This contradiction, however, is not to be 
wondered at. The examination of the cells of the actively lactating 








Jan. 20, 1919 Vartations and Mode of Secretion of Milk Solids 95 





mammary gland of a Holstein-Friesian cow showed that they were quite 
small. Considered in the light of this small size, it is likely that obser- 
vations on the distal end of a cell might be called by one observer the 
destruction of this portion and by another the cell in its natural 
shape. This explanation of the confusion in interpretation of obser- 
vations in these cells is made further probable by the change of shape 
which cells undergo at different stages of lactation. Thus, in the mam- 
mary gland of a bitch when just emptied, Heidenhain says that the 
cells were high and columnar and in another bitch where milk had not 
been drawn for 48 hours the cells were flat. The weakness of the his- 
tological evidence is obvious. To the final solution of the problem it 
appears that other evidence beside the histological observations must 
be presented. 

Some evidence from the physiological side has been presented in the 
foregoing pages of the interaction of the four variables, age, quantity 
of milk secreted, diurnal variations, and the effect of the content of one 
solid on the relation of the other variable, butter fat, or solids-not-fat. 
These variables give criteria to the efficacy of the three contending 
hypotheses to explain the release of the milk solids. 

Consideration of the manner of metabolism and energy requirement for 
most bodily functions seems to furnish the explanation of the slight 
negative correlation of butter-fat concentration with the amount of milk 
produced, where no such correlation exists with amount of milk pro- 
duction and the other solids. Energy has been shown to be required for 
most bodily functions. There does not seem to be any reason to suppose 
that the mammary gland is any exception to this rule when milk is pro- 
duced. Such energy requirement would of necessity be dependent on 
the amount of production—that is, the high producer will require more 
energy and to produce this energy will consequently take a slightly 
greater amount of fat that might have gone into the milk. The other 
solids would not be required to furnish any of this energy and conse- 
quently would show no effect of the amount of milk produced on their 
concentration. The correlations obtained show the associations that 
would be expected with this explanation. The conclusion seems justi- 
fiable that the energy required in the production of milk causes a slight 
reduction in the amount of fat present in the milk of high-producing 
cows. 

The maintenance of the fat concentration of the milk throughout life 
and the decline of the solids-not-fat apparently represent the normal 
conditions going on throughout the whole body. It is common knowl- 
edge that increase in age generally brings with it a relative decrease in 
the protein upbuild of the body and an increase in the fat. This in- 
creased metabolism of fat appears to extend itself to the mammary 
gland, as well as to other parts of the body, being just great enough to 
maintain the butter-fat concentration throughout life, whereas the 
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relative decreased metabolism of the other solids causes a decrease in 
the concentration of these solids in the milk. 

By far the best evidence yet presented for the secretion theory for the 
liberation of the milk solids (the third hypothesis) is given by the diurnal 
variation of the constituents of cow’s milk shown above. It is very 
difficult to see why the cell constitution should change in balance be- 
tween the solids-not-fat and butter fat between morning and evening 
milking on any other theory. Why should the cells discharged in the 
evening contain the ratio a to b of butter fat to solids-not-fat, whereas 
’ in the morning the ratio is changed to a markedly lower value of c to b? 
On the first and second theories the cell must contain a fixed quantity 
of solids-not-fat, while the butter fat varies in such a way that, in a 
longer time between the emptying of the gland, the cell accumulates 
less fat than in the shorter time; or, taken in another way, the cell 
accumulates relatively more protein as the interval between milkings is 
lengthened. 

Our knowledge of fat formation by other cells of the body makes it 
probable that either of these two possible alternatives for the formation 
of this milk fat on the cell-destruction hypothesis are inconsistent with 
the facts. In the formation of fat, the cell is first composed chiefly of 
protein material. In this protein material the fat is accumulated in 
ever-increasing amounts at the expense and crowding out of the protein 
constituents. This change of the ratio of the fat to solids-not-fat is 
just opposite to what must take place in the mammary gland on the 
cell-destruction hypothesis. The ratio of the fat to the solids-not-fat 
in the fat cells increases as the cells increase in age; the ratio of the fat 
to the solids-not-fat in milk, derived from the cell breakdown on the 
two destruction hypothesis, decreases as the age of the cell increases. 
It is hard to believe that there is such a difference in fat formation going 
onin the body. It is much more likely that the mechanism of fat forma- 
tion in the two cases is the same and that the diurnal variation of the 
ratio of butter fat to solids-not-fat is only another phase of the changes 
which take place in known secretions. The large variations current in 
the amount of milk produced, the variations of the constituents with 
age, the great and characteristic differences in the composition of the 
milk of two cows of the same breed all add weight to the view that milk 
is secreted. By analogy, the mammary-gland mechanism for milk 
secretion would agree with practically all of the glands which secrete. 
There is no need to assume that rapid cell division is taking place in order 
to maintain the necessary number of cells for breakdown, as called for 
on the cell-destruction hypotheses, where no such amount of mitosis as 
would be necessary is witnessed microscopically. Further, the secretory 
theory has supporting evidence of whole granules being secreted into 
the saliva by the salivary glands in much the same way as is done in the 
secretion of butter fat. The data supporting the secretory hypothesis 
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are certainly strong, whereas the proof for the cell-destruction hypo- 
theses seems weak when analyzed in the light of the above facts, and, 
in truth, in some particulars is contrary to known facts. The conclusion 
that milk is a true secretion seems justified by what we know of the 
mechanism behind such glands. 

The data above presented give us a criterion to judge the value of any 
hypothesis for the origin of the milk solids from a common mother sub- 
stance, such as has been suggested by Thierfelder (37) and later by 
Landwehr (17), to account for the derivation of casein and lactose from 
nucleoproteids or glycoproteids of the gland cells by splitting. The 
correlation of the solids-not-fat and fat might lead one to suppose such a 
common origin for some component of such solids and the fat. This 
can not be the case, however, as the correlation of fat and of solids-not- 
fat with amount of milk and age precludes that possibility, for if such a 
common origin occurred, the fat and solids-not-fat would necessarily be 
correlated to these other variables by comparable amounts. The milk 
components are not correlated equally with either milk quantity or with 
age; consequently, the hypothesis of a common origin is not tenable. 

The correlations furnish the necessary evidence for the determination 
of an important genetic relation between the hereditary factors for the 
concentration of the butter fat and the solids-not-fat. Since the data 
are taken from the presumably homogenous population of the advanced 
registry Holstein-Friesian cows, linkage of factors for milk solids can 
not be used to account for this correlation; for, granting the homo- 
geneity of the population, the factors are as likely to be in opposite 
chromosomes as in the same chromosomes—that is, calling one “a” and 
the other ‘‘b,” the parental chromosome content would be: 








a: ae a b 
ab eb ___ab a 
ab SS b —_ 

cae peri ds Senne reer! a 

— fl a -cil b 
b b b wie oe 
ab a b 








or, reducing down, four chromosomes would be present in equal numbers 
ab, ab. These bred together would give the random dis- 
tribution, considering that crossing over is as likely to occur one way as 
another. This, however, is not what actually happens in our case. The 
quantity of fat is correlated to the quantity of solids-not-fat per volume 
of milk. This must mean that some of the factors responsible for fat 
concentration are responsible for the concentration of sugar, protein, 
or ash in cow’s milk. 


a 
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From the practical side of increasing the solids content of cow’s milk, 
the importance of the correlation between the butter fat and the solids- 
not-fat should be pointed out. This high correlation between these varia- 
bles allows us to use the determination of the percentage content of one 
as a means of predicting what the content of the other will be. Thus, 
butter-fat content is easily determined by almost any one familiar with the 
Babcock test; but solids-not-fat are not so easily determined nor so fre- 
quently recorded. We may, in trying to improve the solid content of 
milk select as breeders those cows which test well with the Babcock appa- 
ratus, and at the same time improve the solids-not-fat content of the 


milk. 
SUMMARY 


This paper is the fourth of a series of studies on milk now being con- 
ducted in the Biological Laboratory of the Maine Agricultural Experi- 
ment Station. The data for this study are taken from the semiofficial 
year record of the pure-bred Holstein-Friesian cows, compiled and super- 
vised by the Holstein-Friesian Association. 

(1) The means, standard deviations, and coefficients of variation are 
given for these year records. The mean annual production of these ani- 
mals was 15,417 pounds of milk, 528 pounds of butter fat, 1,303 pounds 
of solids-not-fat at a mean age of four years. The standard deviations are 
3,742 pounds of milk, 134 pounds of butter fat, 260 pounds of solids-not- 
fat, and two years. The coefficients of variations are, respectively, 24, 
25, 20, and 50 per cent. 

(2) Comparison is made of Holstein-Freisian milk with the milk of 
other breeds and other species. 

(3) Correlations are presented between the variables butter-fat percen- 
tage and amount of milk produced, butter-fat percentage and age at 
test, solids-not-fat percentage and amount of milk, and solids-not-fat and 
age at test. These correlations lead to the following conclusions: (a) 
As the amount of milk given by the cows in this test increases, the per- 
centage composition of butter fat decreases. The amount of this de- 
crease is highly significant, measured statistically. Considered practi- 
cally, this fall in butter-fat content would not be easily detected in small 
‘samples. (b) The correlation between the age at test and butter fat is 
not significant. (c) The correlation between the amount of milk pro- 
duced and the percentage of solids-not-fat is not significant; or, put in 
another way, the quantity of milk produced for one year is independent 
of the concentration of the solids-not-fat. This, from a genetic view- 
point, means that the hereditary factors for high or low milk production 
are separate and distinct from those causing a high percentage of solids- 
not-fat. (d) The correlation of age at test and solids-not-fat is —o.2191 + 
0.0351—that is, as the age of a cow increases, the solids-not-fat percen- 
tage of the milk decreases. (e) The constants for the linearity of re-, 
gression are given. They show the regressions to all be linear. (f) 
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These conclusions give us two variables which influence the concentration 
of butter fat and solids-not-fat differently. This difference in action of 
these variates proves that the butter fat and the solids-not-fat can not 
have a common mother chemical from which they are derived from split- 
ting. 

(4) Correlations are presented between the variables, pounds of milk, 
butter fat, and solids-not-fat. Each variable is highly correlated, the 
correlation ranging from r=0.8644+0.0093 to r=0.9497+0.0036. In 
each case the regressions are linear. The partial correlation between 
butter fat and solids-not-fat for a constant value of the milk is found 
to be 0.5635+0.0252. This correlation, together with those above, fur- 
nishes the data necessary to establish the conclusion that some of the 
factors responsible for high concentration of butter fat are also respon- 
sible for high concentration of some of the solids-not-fat in cow’s milk. 
Another important practical conclusion may be drawn from this correla- 
tion; that if it is desired to improve either the butter fat or solids-not-fat 
concentration in a given herd the determination of the concentration of 
either solid will also result in an increased concentration of the other 
solid. ' 

(5) Data on the diurnal variation of cow’s milk are presented. These 
data show that the morning milk is between 0.678 and 0.723 per cent 
lower in butter fat than in the evening milk throughout the whole lac- 
tation. No appreciable difference occurs in the solids-not-fat. These 
data offer criteria between the theories to account for the secretion of the 
milk solids. In the cell-disintegration theories the cell must contain a 
fixed quantity of solids-not-fat, while the butter fat varies so that in the 
longer interval between milkings the cell accumulates less fat than in the 
short time; or, taken the other way, the cell contains relatively more 
protein and sugars than fat as the interval between milkings lengthens. 
This is contrary to our knowledge of fat formation, for it is commonly 
accepted that first comes the cells composed largely of protoplasm and 

. that as time goes on this cell is more and more loaded with fat at the ex- 
pense of the protoplasm. Unless these mammary cells behave very differ- 
ently in the formation of this fat than other body cells, this variation is 
enough to discredit seriously the hypothesis of cell disintegration to ac- 
count for these milk solids; and in fact, to make it an absurdity. Fur- 
thermore, so far as our knowledge of the variations of secretory glands 
goes, the variations of the milk fall in well with the secretory hypothesis 
to account for these solids. 
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NEW BIOLOGIC FORMS OF PUCCINIA GRAMINIS! 


[PRELIMINARY PAPER] 


By E. C. Staxman, Head of Section of Plant Pathology, Department of Plant Pa- 
thology, Botany, and Department of Agriculture, University of Minnesota; M. N. 
LEvINE, Field Assistant, Bureau of Plant Industry, United States Department of 
Agriculture; and J. G. Leacu, Shevlin Fellow, University of Minnesota 


COOPERATIVE INVESTIGATIONS BETWEEN THE AGRICULTURAL EXPERIMENT 
STATION OF THE UNIVERSITY OF MINNESOTA AND THE BUREAU OF PLANT 
INDUSTRY OF THE UNITED STATES DEPARTMENT OF AGRICULTURE 
Several biologic forms of Puccinia graminis on wheat (Triticum spp.) 

have been described. Originally P. graminis tritici was supposed to be 

the only form capable of attacking wheat varieties. None of the com- 
mon wheats (T. aestivum) was resistant to this form, although several 
varieties of durum (7. durum), emmer (T. dicoccum), and einkorn 

(T. monococcum) were either resistant or almost immune. 

The first demonstration that there was more than one form of stemrust 
on wheat was made in 1916 when P. graminis tritici-compacti was de- 
scribed.? This form proved to be especially interesting and significant 
because it could not infect the hard spting wheats normally, but developed 
well on soft wheats. It was also found that many of the hard winter 
wheats were resistant to the new form. The range of parasitism of 
the second form was therefore narrower than that of the ordinary 
P. graminis tritict. But in 1918 Melchers and Parker* found that 
Kanred, Kansas P. 762 (CI 5146), Kansas P. 1066 (CI 2879), and 
Kansas P. 1068 (CI 5880), three selections from the Crimean group 
made at the Kansas Experiment Station, were almost immune to 
P. graminis tritici. These selections were also found to be moderately 
resistant to P. graminis tritici-compacti, and they therefore seemed to 
be resistant to the stemrust of wheat. Later Melchers and Parker ® 
found a form which infected Kanred and the two other selections nor- 
mally. Levine and Stakman*® and Leach’ had begun an intensive 
study of the parasitic capabilities of forms of P. graminis on varieties 





1 Published, with the approval of the Director, as Paper 144 of the Journal Series of the Minnesota 
Agricultural Experiment Station. 

2STaKMAN, E. C., and Premeiset, F. J. A NEW STRAIN OF PUCCINIA GRAMINIS. (Abstract.) In 
Phytopathology, v. 7, no. 1, p. 73-1917. 

3’ MeLcHERS, Leo E., and Parker, John H. THREE VARIETIES OF HARD RED WINTER WHEAT RESIST- 
ANT TO STEM RUST. Jn Phytopathology, v. 8, no. 2, p. 79. 1918. 

* CI=Cereal Investigations. 

6 Me.LcuErs, Leo E., and PARKER, John H. ANOTHER STRAIN OF PUCCINIA GRAMINIS. Kans. Agr. 
Exp. Sta. Circ. 68, 4p. 1918. 

* Leaving, M.N., and STaKMAN, E.C. A THIRD BIOLOGIC FORM OF PUCCINIA GRAMINIS ON WHEAT. 
In Jour. Agr. Research, v. 13, no. 12, p. 651-654. 1918. 

7 Lgacs, J.G. A COMPARATIVE STUDY OF THE PARASITISM OF PUCCINIA GRAMINIS TRITICI AND PUCCINIA 
GRAMINIS TRITICI-COMPACTI. To be published as master’s thesis, University of Minnesota. 
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of wheat and other species of Triticum, and also found a form which 
developed normally on Kanred, P. 1066, and P. 1068. It was clear from 
these results that the new forms could therefore do something which 
neither of the two other forms could do. 

But none of the known forms could infect White Spring emmer (Minne- 
sota 1165), durum (Mindum, CI 5296), and several other varieties, mostly 
durums. It was perfectly evident from the work with P. graminis 
tritici-compacti ' and the two other new forms that the biologic specializa- 
tion within the genus Triticum could only be determined by testing 
many species and varieties and that there was a strong probability 
that forms of rust would be found which were capable of attacking 
varieties resistant to all known forms of stemrust. This is exactly what 
has been found. A form was found which infected White Spring emmer 
and Mindum normally. The work has continued until about a dozen 
forms have been found up to the present time (Oct. 1, 1918). 

About 25 varieties and strains of Triticum aestivum, T. durum, T. 
compactum, T. dicoccum, and T. monococcum are being used as differ- 
ential hosts, and no variety so far tried is resistant to all of the rust 
forms except Khapli (CI 4103), an emmer originally imported from 
India. Some of the forms are very virulent on many varieties, while 
others are weak and can attack only a few varieties successfully. Some 
forms differ from each other only in their action on one or two varieties; 
but these differences are definite and consistent. No attempt has yet 
been made to name the recently discovered forms, 

The factors governing the distribution of the forms are not at all 
clear. Material has been collected from 27 States and most sections 
of the country are represented. Two distinct forms have often been 
isolated from the same lot of material, and at least four have been found 
in Minnesota. 

The fact that there are so many biologic forms of stemrust on wheat 
seems to be of profound significance in at least two ways. It is an 
additional reason for eradicating the rust-susceptible varieties of bar- 
berry (Berberis spp.), and it is of the greatest importance in the work 
of breeding wheats for rust resistance. 

Many of the virulent forms seem to occur in the Northern States, 
where everyone will now concede that the barberry is of tremendous 
importance in the persistence of stemrust from year to year. Eradicate 
the common barberry and there is reason to believe that these forms 
may gradually die out entirely, or at least be reduced to a condition 
bordering on impotence. The fact also that in the South and on the 
Pacific coast, where barberry does not rust commonly, the forms of rust 
seem to be more uniform than in other regions certainly lends some 
color to the view that the barberry may have some effect on their devel- 
opment. A hypothesis that forms may have originated by hybridiza- 
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tion on the barberry may be worth investigating. Of course mutation 
and adaptation must be considered also in any attempt to explain how 
so many forms originated. 

The fact that the same variety of wheat may be immune in one 
locality and susceptible in another is clearly explained. Formerly 
recourse was taken to the theory that the environmental conditions 
changed the physiologic processes and materials of wheat varieties so 
fundamentally that the resistance of the plants broke down. ‘The real 
explanation of this phenomenon however is the fact that there are 
many biologic forms of the rust fungus. This has actually been demon- 
strated in field experiments. There is also preliminary evidence to 
show that the same thing may be true of Puccinia triticina on wheat. 

Methods for breeding for rust resistance must be changed funda- 
mentally—if indeed it is worth while to do such work at all until more 
is known about the specialization of the rust fungus. The breeder must 
know and work with those forms of rust which occur in the region for 
which his new variety is intended; and even then breeding must be 
very largely a regional or even a local problem. For instance, in the 
breeding plots at the Minnesota Agricultural Experiment Station cer- 
tain varieties were practically immune to stemrust, but rust forms 
have been found within 50 miles of the plots which can attack these 
varieties so heavily as to make them worthless for rust resistance. 

The discovery of so many forms of stemrust on wheat complicates 
the rust problem seriously. Extensive experiments are under way to 
determine the number, characteristics, and distribution of biologic 
forms as well as their constancy and probable origin. 
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